ABSTRACT Background: Soy isoflavones have antiestrogenic and anticancer properties but also possess estrogen-like properties, which has raised concern about soy food consumption among breast cancer survivors. Objective: We prospectively evaluated the association between postdiagnosis soy food consumption and breast cancer outcomes among US and Chinese women by using data from the After Breast Cancer Pooling Project. Design: The analysis included 9514 breast cancer survivors with a diagnosis of invasive breast cancer between 1991 and 2006 from 2 US cohorts and 1 Chinese cohort. Soy isoflavone intake (mg/d) was measured with validated food-frequency questionnaires. HRs and 95% CIs were estimated by using delayed-entry Cox regression models, adjusted for sociodemographic, clinical, and lifestyle factors. Results: After a mean follow-up of 7.4 y, we identified 1171 total deaths (881 from breast cancer) and 1348 recurrences. Despite large differences in soy isoflavone intake by country, isoflavone consumption was inversely associated with recurrence among both US and Chinese women, regardless of whether data were analyzed separately by country or combined. No heterogeneity was observed. In the pooled analysis, consumption of 10 mg isoflavones/d was associated with a nonsignificant reduced risk of all-cause (HR: 0.87; 95% CI: 0.70, 1.10) and breast cancer-specific (HR: 0.83; 95% CI: 0.64, 1.07) mortality and a statistically significant reduced risk of recurrence (HR: 0.75; 95% CI: 0.61, 0.92).
INTRODUCTION
Soy constituents may possess antiestrogenic and other anticancer properties (1) (2) (3) . In addition, soy food consumption has been associated with a lower risk of developing breast cancer (4) (5) (6) . However, soy isoflavones also may have estrogen-like properties, including the ability to bind to estrogen receptors (ERs) 4 in the breast and stimulate cellular proliferation (7, 8) .
Furthermore, experimental studies suggest that soy isoflavones may interact with tamoxifen therapy (2) , with some studies showing a potential benefit of combined dietary isoflavone intake and tamoxifen therapy use on the inhibition of breast tumor growth (9, 10) , whereas other studies have reported a reduction in the anticancer effects of tamoxifen on breast tissue (11, 12) . These data have raised concern regarding soy food consumption among breast cancer survivors (2, 8, 13) . Epidemiologic data on the association of postdiagnosis soy food consumption with breast cancer outcomes are sparse. Three reports to date [2 from the United States (14, 15) and 1 from China (16) ] suggest that postdiagnosis soy food intake may improve prognosis among breast cancer survivors. Most women in the US studies did not consume soy food daily (only 10% consumed 10 mg isoflavones/d). In contrast, most Chinese women consumed soy food daily (90% consumed 10 mg isoflavones/d). These substantial differences in soy consumption prevented a direct comparison and thus a general recommen-dation. In addition, the US studies had limited power to evaluate associations by potential effect modifiers (eg, hormone-receptor status and tamoxifen use) or across a wide range of intakes. To overcome these limitations, we conducted a pooled analysis to investigate soy food intake and breast cancer outcomes by using the After Breast Cancer Pooling Project (ABCPP), an international collaboration of prospective studies of breast cancer survivors (17) .
SUBJECTS AND METHODS

After Breast Cancer Pooling Project
The ABCPP design and methods were described previously (17) . Briefly, the ABCPP includes pooled and harmonized data on 18,314 breast cancer survivors from 4 prospective cohort studies recruited from multiple US sites and Shanghai, China. Three of the cohorts recruited only breast cancer patients: the Shanghai Breast Cancer Survival Study (SBCSS) (16) , the Life After Cancer Epidemiology (LACE) Study (18) , and the Women's Healthy Eating & Living (WHEL) Study (19) . The fourth cohort consists of patients with breast cancer diagnosed in the Nurses' Health Study (20) . Institutional review board approval was obtained for each cohort study. The Nurses' Health Study was excluded from the current study because data on soy isoflavone intake were unavailable for this cohort.
Soy food assessment
Soy food intake was assessed with validated food-frequency questionnaires (FFQs), mainly focusing on dietary intake after diagnosis (16, 18, 19) . The SBCSS FFQ was specifically designed to capture nutrient and major food intake among Chinese women living in Shanghai, including consumption of soy foods commonly consumed in Shanghai (tofu, soy milk, fresh soy beans, and other soy products) (21) . The LACE study used the Fred Hutchinson Cancer Research Center FFQ, which is an adaptation of the 95-item Health Habits and Lifestyle Questionnaire developed by Block and colleagues at the National Cancer Institute (22) , and a separate soy food-specific FFQ, which included 14 soy food items selected based on their soy contribution to dietary intake of isoflavones (14) . The WHEL study used the Arizona FFQ, which is a modification of the food frequency component of the Block National Cancer Institute Health Habits and Lifestyle Questionnaire (19, 22) . The SBCSS and the LACE study derived soy isoflavone intake based on the isoflavone content of soy food items included in isoflavone nutrient databases (14) or foodcomposition tables (23) . The WHEL study derived isoflavone intake based on the USDA isoflavone database (15) , which includes the isoflavone content for soy food and other dietary sources, although the major sources of dietary isoflavones are soy foods (24) . Isoflavones were available at baseline and updated twice for the WHEL study and the SBCSS and once for the LACE study.
The validity of the soy food assessment in the SBCSS was evaluated in a validation study among 200 participants of the Shanghai Women's Health Study (21) . Participants completed a baseline FFQ, multiple 24-h dietary recalls twice per month consecutively for 12 mo, and a second FFQ at the end of the study. Pearson correlation coefficients between intakes derived from the FFQ and the averages of the multiple 24-h recalls were 0.49 for soy food and 0.41-0.66 for other major food groups. The correlation coefficient between the first and second FFQs was 0.37 for soy food (21) . Although the FFQs used in the US cohorts were validated for major nutrients (25) (26) (27) , soy food intake has not been specifically validated for the US FFQs. The FFQs used in each study to assess soy food intake are available on request.
This pooled analysis includes additional years of follow-up/ events compared with the previously published reports (14) (15) (16) and includes findings for all-cause mortality, breast cancerspecific mortality, and recurrence. The previous LACE publication only investigated breast cancer recurrence and did not report on mortality outcomes, and none of the previous studies reported findings for breast cancer-specific mortality. Furthermore, the previous reports from the US cohorts used baseline data only and did not consider updated soy food information.
Clinical information assessment
For the current analysis, treatment information was available for the first primary breast cancer diagnosis only. For the SBCSS, primary treatment data and tumor characteristics [eg, tumor stage and ER/progesterone receptor (PR) status] were collected via self-report at the baseline interview (mean of 6.5 mo after diagnosis) and verified by medical record review (16) . For the WHEL study, tumor characteristics were abstracted from pathology reports, and primary treatment data were self-reported at baseline (mean of 23.4 mo after diagnosis) and confirmed by medical record review (19) . For the LACE study, primary treatment information and tumor characteristics were available through electronic databases for Kaiser Permanente Northern California members (;83% of the cohort) and medical charts of non-Kaiser Permanente Northern California participants (18) and were collected at cohort enrollment (mean of 22.5 mo after diagnosis).
Cohort follow-up and outcome ascertainment Each cohort followed participants to ascertain outcomes of interest for the current study [total mortality, breast cancerspecific mortality, and recurrences (defined as recurrence/ metastasis or development of new primary breast cancer)]. Detailed methods were previously published for the ABCPP (17) and each cohort: SBCSS (16), WHEL (19) , and LACE (18) . For the SBCSS, outcomes were obtained via in-person interviews 18, 36, and 60 mo after diagnosis, supplemented by record linkage to the Shanghai Vital Statistical Registry. Medical records were not obtained to verify recurrences in the SBCSS; however, research has shown recurrence data based on self-report to be valid (28) . For the WHEL study, outcomes were obtained via semi-annual telephone contact and clinic visits through the end of the trial (June 2006), with all reported events confirmed by medical records review (29) . Follow-up for deaths only has continued through linkage to death indexes. For the LACE study, outcomes were ascertained on a semi-annual basis via mailed surveys until 5 y after diagnosis and yearly thereafter, and medical records were obtained to verify any reported breast cancer outcomes (18) . Medical records were also checked monthly for Kaiser Permanente Northern California members for new events, and death indexes were searched for women lost to follow-up. Cause of death information was missing for 38 women in the ABCPP.
Statistical analysis
Women with missing isoflavone data (n = 665), stage IV tumors (n = 28), or death/loss to follow-up before the soy food assessment (n = 4) were excluded, which resulted in a final analytic sample of 9514 women. An additional 8 women with no information on disease-free survival were excluded from the recurrence analysis. With the use of study-specific deciles, overlap between soy isoflavone intakes in the United States and China occurred at about the 90th percentile for US women (10 mg/d), approximately the 10th percentile for Chinese women. We present pooled results by using both study-specific deciles and common cutoffs in milligrams per day (,4, 4-9.99, and 10). The common cutoffs were based on the 85th (4 mg/d) and 90th (10.0 mg/d) percentiles of the isoflavone distribution of the US cohorts and the 10th percentile for the Chinese cohort.
We used delayed-entry Cox proportional hazards regression models to estimate study-specific adjusted HRs and 95% CIs. The entry date was the date of the first measure of soy food intake after diagnosis. The exit date was date of death (or recurrence for the recurrence analysis) or date of last contact (ie, date of last followup survey or last registry linkage, whichever was most recent). For the main analyses, isoflavone intake was based on baseline data. We conducted secondary analyses treating isoflavones as time-dependent variables by using all available soy food information. The Q statistic was used to test for heterogeneity in risk estimates across studies (30) . If heterogeneity was present, we conducted a pooled analysis with study-specific HRs with the use of inverse-variance weights in random-effects models (31) . Otherwise, we conducted a pooled analysis by use of the combined data and Cox regression models stratified by study.
Clinical predictors, sociodemographic characteristics, and lifestyle-related factors assessed at baseline and considered as potential confounders (Table 1 ) included the American Joint Committee on Cancer (6th edition) TNM stage, ER/PR status, chemotherapy, radiotherapy, hormonal therapy, education, raceethnicity, first-degree family history of breast cancer, menopausal status, parity, recreational physical activity in metabolic equivalent hours per week (32), smoking, cruciferous vegetable intake, and BMI (33) . Final models included all potential confounders, with the exception of family history of breast cancer, which did not have a statistically significant association with isoflavones. Missing covariate data were included via indicator variables, except when the missing data for a covariate were very small (n , 10) by study; then, these women were excluded (a total of 30 women were excluded, all from the US cohorts).
We investigated potential effect modification of the associations of baseline isoflavone intake and breast cancer outcomes by ER status, menopausal status, BMI, and tamoxifen use. Multiplicative interactions were tested by using the 22 log likelihood ratio test statistic, comparing models with and without the interaction terms. The proportional hazards assumption was tested by examining interaction terms for each covariate and survival time. The assumption of proportional hazards was violated for 3 covariates (stage, ER/PR status, and radiotherapy use); hence, these 3 variables were treated as time-dependent variables in final Cox models. All analyses were performed by using SAS (version 9.2; SAS Institute). Tests of statistical significance were 2-sided, and P values ,0.05 were considered statistically significant.
RESULTS
After a mean follow-up of 7.4 y, 1171 deaths and 1348 recurrences were documented. Most deaths were attributed to breast cancer (77.8%), 7.7% to cardiovascular disease, 6.2% to other malignancies, and 8.4% to other causes. Cohort characteristics and baseline participant characteristics, including postdiagnosis soy isoflavone intake, are shown by study in Table 1 . The mean (6SD) postdiagnosis isoflavone intake was substantially higher for Chinese women (45.9 6 38.3 mg/d) than for US women (3.2 6 9.8 mg/d).
The sociodemographic and lifestyle factors by soy isoflavone intake among US and Chinese breast cancer survivors, separately, are shown in Table 2 . Both US and Chinese breast cancer survivors with higher isoflavone intakes were more likely to exercise and consume more cruciferous vegetables. US women with high isoflavone intakes were more likely to have a lower BMI, be highly educated, and be current nonsmokers. Chinese women with high isoflavone intakes were more likely to have a higher BMI, but neither smoking status nor education was associated with isoflavone intake.
Multivariable-adjusted HRs for isoflavone intake in association with breast cancer outcomes from a pooled analysis of individual cohort data (tests for heterogeneity were not statistically significant) are shown in Table 3 . With the use of common cutoffs, consumption of 10 mg isoflavones/d was associated with a nonsignificant reduced risk of all-cause mortality (HR: 0.87; 95% CI: 0.70, 1.10) and breast cancer-specific mortality (HR: 0.83; 95% CI: 0.64, 1.07) and with a statistically significant reduced risk of recurrence (HR: 0.75; 95% CI: 0.61, 0.92). With the use of study-specific deciles, HRs for isoflavone intake in association with all-cause mortality ranged from 0.78 for the second highest decile to 0.82 for the highest decile, compared with the lowest decile; however, most point estimates were not statistically significant. This suggested inverse association was slightly stronger for breast cancer-specific mortality, and, for women in the highest decile of isoflavone intake, compared with the lowest decile, risk of breast cancer death was reduced by 29% (HR: 0.71; 95% CI: 0.52, 0.97). Higher intake of isoflavones was associated with a reduced risk of recurrence; women in the highest decile had a 36% reduced risk of recurrence (HR: 0.64; 95% CI: 0.50, 0.82) compared with the lowest decile. Results from sensitivity analyses excluding new breast primaries or limited to distant recurrences were similar.
We examined the association of isoflavone intake by country (China, n = 4856; United States, n = 4658) ( Table 4) . In China, consumption of 10 mg/d was associated with a marginally significant reduced risk of recurrence (HR: 0.69; 95% CI: 0.47, 1.01; P = 0.06), compared with ,4 mg/d. In the United States, consumption of 10 mg/d was associated with a statistically significant reduced risk of recurrence (HR: 0.76; 95% CI: 0.58, 0.99), compared with ,4 mg/d. For the US cohorts, similar results were found after the exclusion of 200 Asian American women ( Table 4 ). Note that although 90% of Chinese breast cancer patients consumed 10 mg soy isoflavones/d, the inverse association between isoflavone intake and recurrence was also apparent when However, tests for interaction were not statistically significant.
We investigated the joint effects of tamoxifen use and soy isoflavones on breast cancer outcomes (Table 5 ). Among women with ER-positive tumors, tamoxifen users with higher isoflavone intake had a reduced risk of breast cancer recurrence, compared with women who did not use tamoxifen and consumed the lowest amount of isoflavones. Specifically, women who consumed 10 mg isoflavones/d (compared with ,4.0 mg/d) had a 37% reduced risk of recurrence (HR: 0.63; 95% CI: 0.46, 0.87). The inverse association among nonusers of tamoxifen was not significant. However, the test for multiplicative interaction was not statistically significant. Associations of isoflavones and breast cancer outcomes were not modified by BMI (data not shown).
We conducted an analysis by using available, updated isoflavone data for the SBCSS (2 additional measures at a mean of 1.5 and 3 y after diagnosis), WHEL (2 additional measures at a mean of 3 and 6 y after diagnosis), and LACE cohorts (1 additional measure at a mean of 7 y after diagnosis), treating isoflavone intake as time-dependent variables in Cox regression models. Heterogeneity in associations by study was found for recurrence (P = 0.003), but not mortality (P value = 0.914); hence, the pooled analysis was conducted with study-specific HRs with the use of inverse-variance weights in random-effects models (31) . Use of the updated data showed that the point estimates for the association of soy isoflavones and breast cancer outcomes were generally similar to those based on baseline data, but were not statistically significant (data not shown).
DISCUSSION
In this pooled analysis of 9514 breast cancer survivors from both the United States and China, we found that soy food consumption after diagnosis, in the amount of 10 mg soy isoflavones/d, was associated with a nonsignificant reduced risk of all-cause and breast cancer-specific mortality, and a statistically significant reduced risk of recurrence. Analyses using study-specific deciles showed that women in the highest decile of soy isoflavone intake (compared with the lowest decile) had a 29% statistically significant reduced risk of breast cancerspecific mortality and a 36% reduced risk of recurrence. The inverse association between soy food intake and recurrence was seen among Chinese, US, and US non-Asian breast cancer survivors.
Two meta-analyses of soy food and risk of primary breast cancer have suggested that the protective effect of soy food may be limited to Asian women (5, 6) . Asian women typically consume substantially more soy food throughout their lifetime than do non-Asian women (34, 35) . This difference was observed in the ABCCP, in which US women consumed a mean of 3.2 mg isoflavones/d, whereas Chinese women consumed a mean of 45.9 mg isoflavones/d. In addition to large differences in soy food consumption, we also found that the associations of sociodemographic and select lifestyle factors with soy food consumption differ between US and Chinese women. Specifically, whereas a higher intake of isoflavones was associated with regular exercise and a higher consumption of cruciferous vegetables among breast cancer survivors from both the United States and China, a higher intake of isoflavones was associated with lower BMI and nonsmoking among US breast cancer survivors only. Despite these differences, we found that the inverse association of soy food intake and recurrence was present among both US and Chinese women. In the US cohorts, the association remained after Asian American women were excluded. Furthermore, we found that the effect of soy food on breast cancer outcomes was consistent regardless of the use of study-specific decile cutoffs or common cutoffs.
In analyses stratified by ER status, we found that the statistically significant inverse association of soy isoflavone intake and recurrence appeared only among women with ER-negative breast cancer. One potential explanation for our finding is that the protective effect is more apparent among women with ERnegative breast cancer because they have a poorer prognosis than do women with ER-positive breast cancer (36, 37) . However, note that the interaction was not statistically significant.
Data from laboratory studies suggest that soy isoflavones may interact with tamoxifen therapy and potentially reduce or even inhibit the anticancer effects of tamoxifen on breast tissue (11, 12) , which has raised concern regarding soy food consumption among women who take tamoxifen. We found a statistically significant inverse association for isoflavone intake and recurrence only among tamoxifen users. The multiplicative interaction between tamoxifen use and isoflavone intake, however, was not statistically significant. The lack of a statistically significant association among nonusers of tamoxifen may have been because of the smaller sample size in this subgroup. Note that the proportion of Chinese women who received tamoxifen was lower (68% in the SBCSS) than that of US cohorts (82% used tamoxifen in WHEL and 91% used tamoxifen in LACE)-a difference most likely attributed to different clinical practices and the cost of adjuvant therapy. Regardless, our findings do not support the hypothesis that soy food interferes with the efficacy of tamoxifen therapy.
A key strength of our study was that rather than conducting a meta-analysis based on published available statistics, we had access to individual data from members of all 3 cohorts. This allowed for a comprehensive evaluation of soy food intake in association with all-cause mortality, breast cancer-specific mortality, and breast cancer recurrence [previous reports did not include all-cause mortality (14) or breast cancer-specific mortality (14-16)] across a wide exposure range by using standardized statistical methods, common categorization, and standardized covariate adjustments by cohort and country. Furthermore, the large sample size allowed for evaluation of potential interactions between soy food and menopausal status, tumor characteristics, and tamoxifen use with greater statistical power than has been possible for individual cohorts.
Limitations of this study should be considered. First, as noted above, a higher intake of isoflavones was associated with lifestyle-related factors, including regular exercise and higher consumption of cruciferous vegetables (among all survivors) and lower BMI and nonsmoking status (among US survivors only).
We carefully adjusted for all the abovementioned factors in our analyses. However, we cannot rule out the possibility of residual confounding as a result of unmeasured factors associated with a healthy lifestyle. Nevertheless, the inconsistent patterns of lifestyle factors associated with soy food intake between US and Chinese women would only introduce noise and thus lower the statistical power of this study. Second, the timing of study enrollment and soy food assessment differed across cohorts. For the LACE and WHEL cohorts, enrollment and baseline soy food assessment occurred within a mean of 2 y after diagnosis (range: 1-48 mo). In the SBCSS, patients were enrolled within a mean of 6 mo after diagnosis (range: 3-11 mo). To adjust for varying times of enrollment and exposure assessment, delayed-entry Cox models were used (38) . In the SBCSS, soy food intake at baseline was more likely to be influenced by cancer treatment and, therefore, to be lower than subsequent measures made 18 and 36 mo after diagnosis; hence, the association of soy food and breast cancer outcomes was underestimated for the Chinese women in the ABCPP. Third, we lacked information on length of tamoxifen therapy, preventing a more in-depth analysis of the joint effects of soy food and tamoxifen use. Fourth, few women used aromatase inhibitors (8%) because most of the diagnoses were made before 2005 (39); hence, the role of this therapy in our findings could not be evaluated. Fifth, whereas the SBCSS used an FFQ that has been shown to have good validity and reliability in assessing usual soy food intake, the validity of the soy food questions on the FFQs used in the US studies have not been evaluated. It is possible that the differences in the estimated absolute amount of soy food across the studies in the ABCPP may have been due, at least in part, to the differences in questionnaire design. However, we found no evidence for heterogeneity between the studies in 1 HRs were derived from delayed-entry Cox proportional hazards regression models and adjusted for the following covariates (as applicable): age at diagnosis, estrogen receptor/progesterone receptor status, TNM stage, chemotherapy, radiotherapy, hormonal therapy, smoking, BMI, exercise, cruciferous vegetable intake, parity, menopausal status, study, race-ethnicity, and education. Based on the distribution of daily isoflavone intake in the US cohorts (4.0 mg is approximately the 85th percentile, and 10.0 mg is the 90th percentile); 10.0 mg is the approximate cutoff for the lowest decile of isoflavone intake in the Chinese cohort. ER, estrogen receptor; ER-, estrogen receptor-negative; ER+, estrogen receptor-positive.
2 Excludes women with missing ER status (n = 123). 3 Excludes women with missing or unclear menopausal status (n = 348). 4 Among women with ER+ tumors (n = 6690). These results are from a joint-effects analysis, where the reference group is women who did not receive tamoxifen therapy and consumed ,4 mg soy isoflavones/d. analyses using study-specific or common cutoffs, and the results were comparable. Sixth, given the increasing trend of using soy protein powder in commercially available foods in the United States (40) , misclassification of isoflavone intake may have attenuated the results. Future studies with biomarkers to estimate dietary isoflavones are needed. Finally, it is important to note that WHEL consisted of cases who originally participated in a dietary intervention, which reported a significant change in diet for the intervention compared with the control group (eg, increased vegetables and fiber), although no effect of the intervention on recurrence was found (29) . We adjusted for intervention status, which did not change our findings (data not shown).
In conclusion, in the largest study to date on the influence of soy food on breast cancer outcomes, and the first study of combined data on US and Chinese women, we found that postdiagnosis soy food intake equivalent to 10 mg isoflavones/d was associated with a nonsignificant reduced risk of all-cause and breast cancer-specific mortality and a statistically significant reduced risk of breast cancer recurrence among both US and Chinese breast cancer survivors.
